We report on the magnetic and magnetocaloric properties of 50% Fe 3+ doped polycrystalline 
Introduction:
In recent years, refrigeration based on magnetic materials particularly using magnetocaloric effect (MCE) phenomenon has gained much attention in view of its application in future magnetic refrigeration technology due to its higher energy efficiency and environmental safety over the conventional gas compression refrigeration [1] [2] [3] . MCE is a magneto-thermal phenomenon, in which the temperature of a magnetic material changes when it is exposed to a magnetic field adiabatically 4 . A magnetic materials with a large change of magnetic entropy 3 demanding numerous new materials needs to be explored for various applications.
Particularly, much attention is required to search for new materials with giant MCE below 30 K for utilization in space applications 1, 24 .
In this context, HoCrO3 is a compound which shows large value of ΔS (~7. ordering. In addition, it also has been believed from neutron diffraction data that up on adding 50% of Fe to Cr, spin reorientation (SR) transition would be evident 25 Results and Discussion:
The phase purity of HoCrO3 and HoCr0.5Fe0.5O3 compounds were confirmed 27 at room temperature using powder x -ray diffraction (XRD) (PANalytical X-ray diffractometer) with Cu -Kα radiation (λ = 1.5406 Å) and with a step size of 0.017 o in the wide range of the Bragg angles 2θ (20 0 -80 0 ) as shown in Fig. 1 . From the Fig.1 , it is observed that the indexed reflections are allowed for a compound with GdFeO3 type distorted perovskite structure with a space group of Pbnm. We do not see any impurity phase within the detectable limits of the XRD. The structural parameters obtained from the Rietveld refinement has been published elsewhere 27 . The increase in the lattice parameter is evident from the refinement with increasing Cr 3+ content, which is consistent with the fact that ionic radius of Cr 3+ (0.615 Å) is smaller than that of Fe 3+ (0.645 Å). On the other hand, transition due to Ho 3+ moments is evident at 8 K (TN Ho ) 28 . Fig. 2 As there are multiple transitions in both the compounds, we do expect a large change in entropy around these transitions. Hence, in order to quantify change in entropy we performed the M vs. H measurements in the vicinity of the magnetic transitions for both the HoCrO3 and HoCr0.5Fe0.5O3compounds. Evidenced metamagnetic transition may be due to the magnetization reversal of those ions whose magnetic moments are directed opposite to the applied magnetic field and the similar behaviour has been observed in the single crystals of DyCrO3 as the rotation of Dy 3+ and Cr 3+ moments 30 . From Fig.3 (a) , it is evident that there is a magnetization crossover (which is shown as an inset of Fig. 3(a) ) around the AFM FM transition, which can be ascribed as a result of the competition between the Zeeman energy due to the applied external field and the strong magneto-crystalline anisotropy energy around the metamagnetic transition 31 .
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where Hmax is the maximum value of external applied field. From the above equation, it can be noticed that the value of -ΔSM depends on both values of magnetization (M) and
The larger values of -ΔSM can be obtained when the values of M and
are large in the magnitude 33 . Quantified values of -ΔSM and its temperature variation is shown in Fig. 5 (a) -(d). Here, Fig. 5 40 in the low temperature region.
From the Fig. 5(a) , it is evident that -ΔSM values shows both positive and negative values as though there exists re-entrant magnetocaloric effect. Such an unusual nature of re-entrant inverse MCE in HoCrO3 compound has been not observed earlier 16 . The reason for such an intriguing phenomenon may be due to the subtle changes in relative orientations of Ho 3+ and Cr 3+ moments occurs with a variation of temperature and/or magnetic field 41 . Earlier inverse magnetocaloric effect has been observed around SR transition in single crystals of HoFeO3 42 .
We conceive from our observation that magnetization crossover and complex interaction between FM and AFM phases might be a reason for re-entrant MCE behaviour for the present compound. From Fig. 5 (c) and 5(d) , observed -ΔSM value of 1.05 J/kg.K (around 141 K for HoCrO3) and 0.61 J/kg.K (around 125 K for HoCr0.5Fe0.5O3) at 6 T can be ascribed to the Cr 3+ ordering and the spin-reorientation transition respectively.
It is believed that the magnitude of the magnetic entropy change at a particular magnetic phase transition and its dependence on temperature and magnetic field strongly depend upon the nature of the corresponding phase transition 43 , so that it is essential to determine the nature of magnetic phase transitions in the compounds. To do this, the first quadrant magnetization isotherms were plotted in the form of Arrott plots 44 which can be deduced 
